Spermonde Archipelago has been found to have a high sponge biodiversity. Sponges that have feeding behavior as filter feeder can be exposed to heavy metals, including Zn metal. Zn is an essential metal that is physiologically needed by sponge to catalyze chemical reactions and generally operates on enzymes. A study on Zn pollution level in Spermonde Archipelago from zone I to Zone IV was conducted by analyzing Zn concentration in sponges, sediments, and seawater. Physicochemical parameters measurement in Spermonde Archipelago indicates that Spermonde Archipelago meets the requirements for sponge growth. Callyspongia aerizusa can be used as metal pollution indicator because this sponge can accumulate heavy metal Zn in high level (99.30 mg/kg dry weight). This sponge was derived from Kondingareng Lompo island at zone III. In addition, Kodingareng Lompo island waters had the highest Zn concentration compared to other islands. Sediments from Lae-Lae island at zone I had the highest Zn metal concentration. Lae-Lae island is the nearest island to Makassar coastal line.
INTRODUCTION
Porifera are highly vulnerable to metal contamination because they filter most of the water (0.002 -0.84 mL/ second/cm 3 sponge tissue). These filter feeder invertebrates live in sublittoral rock biotopes where they are exposed to various chronic contamination. Heavy metals can endanger the sublittoral biota at various levels, depending on the metal concentration and the physiology of organism. Even at low concentration, metals can result in adverse effects in the early life of sponge such as in larva and juvenile phase [1] . Sponges have much higher filtering capacity compared to bivalves and are capable of processing thousands of liters of seawater per hour. Sponge community is sensitive to disorders but can be stable in very long time, making them suitable for metal biomonitoring. The ability of sponge in accumulating heavy metals depends on the metal types and the sponge species [2, 3] .
Molecular and biochemical mechanisms have been developed to counter the metal adverse effects. Long exposure to metal has been found to alter the sponge health, including its immunity system [4, 5] .
The waste disposal system of Makassar city involves the city channels (canals) and rivers flowing to the sea. Most of the waste products are derived from civil activities including households, hotels, restaurants, agricultures, and smaller industries in the vicinity of rivers/ canals or the coast. These waste products contain heavy metals that produce accumulation in waters environment, marine biota, and sediments.
Spermonde Archipelago is divided into 4 zones, stretching from North to South and comprising small islands groups with white sandy beast and coral reef ecosystem that have been a habitat to marine biota. The first zone (zone I) is the nearest zone from main coastal line of Sulawesi Island, with average depth of 10 m. The second zone (zone II) distances about 5 km from Sulawesi terrestrial, with an average depth of 30 m. The third zone (zone III) starts from 12.5 km off the Sulawesi coast with depth of 20 -50 m. The fourth zone or outer zone is the barrier reef zone and distances 30 km from mainland of Sulawesi. To the eastern side of these coral islands the depth ranges from 40 to 50 m. While to the western side, the depth is more than 100 m.
This study was aimed to determine the distribution of heavy metal Zn in sponge, sponge-associated sediments, and seawater in coastal area of Spermonde (Figure 1 ) from zone I (Lae-Lae), zone II (Samalona, Barrang Lompo, and Barrang Caddi), zone III (Kodingareng Keke and Kodingareng Lompo) and zone IV (Kapoposang). Findings of this study are expected to be a great contribution to the biomonitoring of heavy metal Zn level in Spermonde coastal area.
EXPERIMENTAL

Determination of Essential Metal Zn in
Sponge [6] Each of the sponge samples was divided into two parts: 1 part for treatment in skeleton and 1 part for total treatment. The dry sample of the sponge was weighted 0.5 g carefully in beaker glass, and then was added with 5 mL HNO 3 and heated at 150˚C for 2 hours. After cooling at room temperature, samples were added into measuring flask 25 mL and its volume was rounded with aquabidest and shaken until homogeneous. The solution was filtered using Whatman filter paper and ready for analysis with Inductively Couple Plasma-Optical Emission Spectrophotometer (ICP-OES) Optima 2000 DV Perkin Elmer.
Determination of Essential Metal Zn in Sediment [7]
Five grams of dried sediment sample was destructed in teflon beaker with HNO 3 at temperature of ±100˚C for 8 hours. After cooling at room temperature, sample was then added into measuring flask 100 mL and its volume was rounded by aquabidest and was shaken until homogenous. The solution was filtered using Whatman filter paper and ready for analysis with ICP-OES Optima 2000 DV Perkin Elmer.
Determination of Heavy Metal Zn in Sea Water [8]
Sea water with volume of 250 mL was taken and then the pH was adjusted to 3 -3.5 with HNO 3 or NaOH. The solution was poured into teflonseparaing funnel and then added with 2.5 mL Ammonium Pirolydine Dithyocarbamate (APDC) 4%, shaken for ±1 minute. 25 mL of Methyl Isobuthyl Keton (MIBK) was added into it, shaken for ±1 minute. It was left in place for ±5 minutes, and the organic phase was harvested. The organic phase was then flushed with 10 mL aquadest and then left in place for ±5 minutes. Again, the organic phase formed was then harvested and added with 0.25 mL concentrated HNO 3 and was shaken. It was left in place for 20 minutes and then added with 9.75 mL aquadest, shaken for ±1 minute. The organic phase was harvested again and stored in polyethilene vial. The heavy metal Zn level was measured using ICP-OES Optima 2000 DV PerkinElmer.
RESULTS AND DISCUSSION
The conditions of Kodingareng Lompo and Barrang Caddi islands during the sampling period can be seen from Table 1 . The physicochemical parameters have been found to meet the requirements for sponge growth. Optimum temperature for sponge growth is 25˚C -29˚C. Bioaccumulation depends on the temperature, where the accumulated metal concentration increases with temperature. The temperature effect presumably involves ion transport mechanism on membrane surface. Bioaccumulation of zinc depends on temperature only when associated to water flow with very low salt content [9] . Salinity of waters of the three islands also met the requirement for sponge growth (29‰ -36‰). Generally, biotic metal concentrations increase with decreased salt level. In low salt level condition, concentration of the directly absorbed free metal ions such as Zn 2+ is maximum. Different metal levels can cause different metal absorption acceleration due to physiological alterations in the organism itself such as water drinking rate or water filtration rate [9] .
The pH of water environment that meets the growing requirement of sponge ranges from 6 to 8 and has influence on the new metal species formation in water. The effect of pH depends also on the type of metal [9] .
Sponge Callyspongia aerizusa derived from Kodingareng Lompo island (Figure 1 ) was able to accumulate higher heavy metal Zn (99.3 mg/kg) compared to Clathria reinwardtii and Melophlussarassinorum. Callyspongia aerizusa was capable of accumulating Zn twice higher than Melophlussarassinorum and once higher than Clathria reinwardtii (Figure 2) .
Single factor ANOVA analysis indicated a significant (F (9.849) > F table (2.759)) Zn concentration difference in body, skeleton, seawater, and sediment of Spermonde Archipelago. Correlation test between body Zn and skeleton Zn(r (0.668) < r table (0.811)) and between seawater Zn and sediment Zn(r (−0.112) < r table (0.811)) indicated negative correlations. Body Zn and seawater Zn alterations were followed by skeleton Zn and sediment Zn alterations with opposite directions.
Zinc (Zn) is an essential metal required in trace level for an organism growth. Zn is widely used in paint, ceramic, rubber, wood, and dye industries. The use of Zn as an agent in anti-fouling paint is one of the most important anthropogenic source in seawater [9] . Maximum Zn concentration derived from anthropogenic activities in biota, including sponge, is not more than 5 × 10 −2 mg/L [11] .
Metals are not commonly found in isolated form in nature. The presence of copper and manganese can reduce the bioaccumulation of Zn. This is probably due to presence of semi-selective binding site that can be occupied by specific metals, depending on their concentration relative to other metals that are also capable of occupying the binding site [9] .
The relative abundance of essential metals in a living organism reflects the required level to maintain biochemical functions. When the essential metals uptake exceeds the relative abundance, homeostatic mechanism controls the level of the metals in the body and their transfer to tissues. When the uptake is excessive, the homeostatic mechanism is inhibited and bioaccumulation ensues because the uptake rate exceeds the reduction rate [12] .
Silicase enzyme has been identified in marine sponge S. domuncula. Silicase is able to depolimerize amorphous silica [13] . Expression of gene that code for this silica-catabolic enzyme increases significantly as a response to higher silicone concentration, such as siicateine and collagen expression. The obtained cDNA silicase polypeptide is very similar to carbonic anhydrase, a family of zinc metal enzyme. The three characteristic residues of histidine for these enzymes bind to a zinc ion (Figure 3 ) [14] .
It was assumed that the reaction mechanism of the sponge enzyme is analogue to other zinc-dependent enzymes involved in ester hydrolysis. Zinc ion (Lewis acid) interacts with water (Lewis base). The hydroxide ion formed by water molecule splitting is bind to zinc ion. This hydroxide ion then launches a nucleophylic attack on a silicone atom of polymer silicate. In the next step, zinc complex is bound to silicone in the presence of oxygen bond breaking in polymeric silicate. The intermediate zinc-bound silicate is then hydrolyzed by water, resulting in silicate acid release and regeneration of zincbound hydroxide [14] .
Metal element is acquired by the aquatic biota in passive process with decreasing concentration gradient toward the tissue. Mechanism to counter the metal toxicity potential in sponge tissue involves elements absorption in the form of metallothionein or in the form of granules in water species tissue. Sponge uses regulation and detoxification processes presenting various capacities to ac- Proposed mechanism for silicase [13] [14] [15] . cumulate metals, from the weak to strong capacity. Trace metal accumulation by sponge depends on physicochemical properties of the metal, in addition to the organism itself and biological strategy for metal detoxification [16] .
CONCLUSION
Callyspongia aerizusa can accumulate essential metal Zn in high concentration and is able to survive. This was due to the fact that essential metal Zn is required by silicase enzyme in the sponge to depolimerize amorphous silica in sponge. Single-factor ANOVA analysis indicated a significant Zn concentration difference in sponge body, sponge skeleton, seawater, and sediment among seven islands in Spermonde Archipelago. 
